Monthly Radiation (kWh/m?/day)

—— 1961-1990 Average

Variability of Latitude Fixed-Tilt Radiation

 Duluth, MN

WBAN NO. 14913

LATITUDE: 46.83° N

LONGITUDE: 92.18° W
ELEVATION: 432 meters
MEAN PRESSURE: 864 millibars

STATION TYPE: Secondary
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (%) Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec Year
0 Average 1.6 2.6 38 4.8 5.6 6.0 6.1 3.1 3.7 2.5 1:5 1.2 37
Min/Max | 1.5/1.8 2.1/29 3.3/44 | 42/55 4.6/6.6 51/68 | 51/6.8 42/59 3.0/44 | 2.1/29 1.3/1.7  1.0/1.5 | 3.5/4.0
Latitids <15 Average 238 4.0 5.0 53 5.7 39 6.1 3.5 45 34 24 £ L. 44
¥ | Min/Max | 2.3/34 2847 4.2/59 | 4.7/65 4.6/68 49/6.7 | 51/7.0 44/6.6 34/56 | 2.7/42 1.6/29 1.5/2.9 | 4.1/4.8
Lititnds Ayerage 32 4.4 5.2 54 54 5.4 5.6 5.3 4.5 3.6 2.6 235 4.4
Min/Max | 2.6/3.9 3.0/5.3 4.3/62 | 45/64 43/64 45/6.1 | 47/65 42/63 34/57 | 2.8/45 1733 17/34 | 4.0/4.8
Latitode +15 Average 34 4.5 5.2 51 4.7 4.7 49 48 43 3.6 7 27 4.2
= ~ | Min/Max | 2.8/42 3.0/5.6 43/62 | 42/6.1 3.8/56 39/53| 4.1/56 3.8/57 32/54 | 2846 1.7/34 1837|3946
90 Average 34 43 4.6 39 3.0 29 3.0 5.2 308 . 2.5 2.7 3.3
Min/Max | 27/42 28/53 3.8/5.6 | 3.0/48 25/35 25/3.1| 2:6/34 26/39 2442 | 2339 1532 17/3.7 | 3.0/36

Solar Radiation

for 1-Axis Tracking Flat-Plate Collectors with a

North-South Axis (kWh/

m?/day), Uncertainty +9%

Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 24 3.8 54 6.6 74 7.8 8.1 6.9 5.1 34 21 159 3.
Min/Max | 2.0/29 2.6/46 44/64 | 5.58.1 54/9.1 62/94 | 6694 54/85 3.8/64 | 2743 1.52.7 1.2/2.4 | 4.6/5.7
Latltide .15 A_verage 33 49 6.3 p s 7.6 13 8.3 T3 T 42 2.7 2.6 5.1
Min/Max | 2.7/4.1 32/6.0 5.1/7.6 | 6.0/89 35.6/95 62/95| 6.7/97 56/9.1 4.1/7.3| 3.2/53 1.7/36 1.735°| 5.1/64
L atituds Average a0 3.2 6.5 i 74 7.6 8.0 7.3 5.7 43 P 2.9 57
Min/Max | 2.9/45 3.3/64 52/78 | 5.9/89 54/92 359/9.1 | 6.4/94 55/89 4.1/74 | 3.2/56 1.8/3.8 1.8/39 | 5.1/6.4
Latitide 1% Average 38 53 6.5 6.9 7.0 7l .3 6.8 55 43 3.0 3.0 5.6
Min/Max | 3.0/4.8 3.3/6.6 51/78 | 57/86 50/87 5585| 6.0/88 52/85 39/72| 32/56 1.8/4.0 1.9/4.1 | 5.0/6.3
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec Year
8. A i Average 39 53 6.5 T2 7.8 8.1 8.5 7.4 57 4.4 3:1 3.1 5.9
Min/Max | 3.1/48 34/66 52/78 | 6.0/9.0 57096 64/9.7 | 6899 57/9.1 4.1/74 | 3.3/56 1840 1942 | 53/6.6
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 2.1 2.6 2.7 | 35 3.6 39 34 i 22 1.6 1.6 2.8
Horiz Axis Min/Max | 1.4/3.0 1.0/3.7 1.9/3.6 | 2.1/4.7 2.1/5.1 2.1/49 | 27/52 2246 14/40 | 1.3/32 05/24 0.8/2.6 | 2.3/34
1-Axis, N-§ | Average I3 2.1 29 4.0 47 4.8 332 44 L 2.0 11 0.9 30
Horiz Axis Min/Max | 0.9/1.9 0.8/3.0 19/3.9 | 2.7/6.0 2.6/6.6 2.8/65 | 3.6/6.8 28/6.1 1.7/46 1.2/29 03/1.7 05/1.5 | 2.6/3.8
1-Axis, N-S | Average 22 2 5| 3.6 44 4.7 4.6 5.1 4.6 3.6 2.8 1.8 1% 3.5
Tilt=Latitude | Min/Max | 1.5/3.2 1.2/44 25/49 | 29/6.6 27/6.6 2.7/63| 3.5/6.7 3064 19/54 1.6/40 0.6/27 0.9/2.7 | 2.9/4.3
2. Asis Average 24 32 3.6 44 4.9 5.0 5.5 4.8 37 28 1.8 1.8 3.7
5 Min/Max | 1.6/34 1.3/45 2549 | 3.0/6.7 2870 3.0/68 | 3.872 3.1/66 20/54 1.6/4.1 0.6/2.8 0.9/29 | 3.1/4.5
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) =139 =100 4.2 7 10.4 154 18.9 17.6 12:3 6.5 -2.0 -10.7 3.6
Daily Minimum Temp -19.0 -16.2 9.1 -1.7 4.2 9.2 12.8 11.8 6.9 L7 -5.8 -15.1 -1.7
Daily Maximum Temp -8.8 -5.7 0.5 9.0 16.6 2.7 25.1 233 17.7 113 1.8 -6.3 8.8
Record Minimum Temp | -39.4 -36.1 -339 | -206 -8.3 2.8 L 0.0 -5.6 -133 -30.6  -36.7 | -394
Record Maximum Temp | 11.1 12.8 25.6 311 32.2 330 36.1 36.1 35.0 30.0 2.1 12.8 36.1
HDD, Base 18.3°C 999 820 699 440 247 94 33 63 183 367 610 899 5454
CDD, Base 18.3°C 0 0 0 0 0 8 52 40 0 0 0 0 100
Relative Humidity (%) 12 70 69 64 63 69 71 75 76 71 75 76 71
Wind Speed (m/s) 3.l 4.8 33 52 4.9 4.5 4.0 4.0 4.4 4.6 4.9 4.8 4.7
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International Falls, MN_

WBAN NO. 14918

LATITUDE: 48.57° N

Maonthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

LONGITUDE: 93.38° W _l_
ELEVATION: 361 meters T ¥
MEAN PRESSURE: 972 millibars e
? -
STATION TYPE: Secondary
1 -+
1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.4 24 3.7 4.8 e 58 5.8 4.9 35 22 14 L1 3.6
Min/Max | 1.2/1.6  1.9/2.7 3.0/43 | 4.1/5.6 4.3/63 5.0/67 | 53/6.4 43/56 28/4.1 1927 L2/LS 0813 | 338
Tafituide15 Average 2.6 39 4.9 335 5.6 3.9 59 54 4.3 3.1 2.1 Zd 43
Min/Max | 2.0/3.2 2746 37/62 | 46/6.8 42/66 4866 | 53/65 4563 3.3/53 | 2342 1526 14/25 | 3.9/46
Latinide Average 3.0 4.3 5.1 54 52 52 5.4 5.1 4.3 3.2 2.3 2.4 4.3
£ Min/Max | 2.2/3.7 29/5.1 3.8/65 | 4.5/6.7 3.9/62 44/60 | 4.9/6.0 43/6.0 3354 | 2.3/45 1530 1630 |3.8/4.6
Laftude:#15 Average 32 4.5 3. *1 4.6 45 4.7 4.6 4.1 3.2 2.4 2.6 4.0
; 2| Min/Max | 2.3/40 29/53 3.7/6.6 | 4.1/62 3.4/54 3.8/52 | 4352 3.8/54 3.0/51| 22/45 1531 17/32 | 3.6/43
50 Average 32 4.3 4.6 3.9 3.1 29 3.0 3.3 3.2 2.8 2.2 26 3.2
Min/Max | 2.3/40 2.8/5.1 3.1/59 | 3.0/50 23/35 2533 2833 27/38 24/41 ]| 1940 14/3.0 1.6/32 | 2.8/35
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dee Year
0 Average 22 3.7 53 6.7 7.4 el 79 6.8 4.8 3.1 1.8 1 4.9
Min/Max | 1.6/2.7 25/43 3.9/6.7 | 5.6/85 5390 62/93| 67/89 5580 3.6/6.1 | 22/42 13/23 1.1J2.1 | 45/54
Latiiida 415 Average 31 4.8 6.3 13 7.6 g fa 8.1 1.3 3.5 3.7 24 24 o
Min/Max | 2.2/3.8 3.1/57 4580 | 6.0/9.5 5494 62/94 | 68092 57/87 4.0/7.0| 2553 1531 1.63.0]| 4.9/6.1
Tt Average 34 3. 0.4 e 74 7.4 7.8 Tl 5.3 3.8 2.6 2.7 55
Min/Max | 2.4/43 3.2/6.1 4.0/83 | 5.9/94 52/91 59/9.1 6.6/8.9 5.6/85 4.0/7.1 | 2.6/5.6 1.6/34 1.7/33 ] 49/6.1
Latfhide £1% Average 3.6 33 6.4 7.0 7.0 7.0 7.4 6.8 a3 3.8 27 9 54
§ Min/Max | 2.5/4.5 3.3/6.3 4583|5791 49/86 5685 6.1/84 53/81 3.8/69 | 2556 16/35 1.8/3.6|47/59
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
5 R4k Average 3.6 52 6.4 15 ) 8.0 83 3 3.5 3.9 27 29 5
Min/Max | 2.6/4.6 33/63 4.6/83 | 6.0/9.5 5595 6497 | 7.0/94 5887 40/7.1 | 2.6/5.6 1.6/3.5 1.8/3.6 | 5.1/6.3
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?2/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 1.9 2.6 2.8 32 3.5 3 3.7 33 25 1.9 1.3 L6 2.6
Horiz Axis Min/Max | 1.1/27 1.2/3.5 1.8/4.1 | 2.2/5.1 1.8/49 22/49 | 27/46 2.1/44 14/3.6 | 0.8/33 04/2.0 0.8/22 | 22/3.1
1-Axis, N-S | Average 1.2 2.1 29 4.1 4.6 4.6 5.0 4.3 29 1.7 0.9 0.8 29
Horiz Axis Min/Max | 0.7/1.6  0.9/2.8 1943 | 2.7/64 25/65 3.0/6.6| 3.6/62 28/58 17/42| 0.83.0 03/1.3 04/1.2 | 25/35
1-Axis, N-S | Average 21 Ll 3.7 4.5 4.7 45 49 4.5 3.4 24 14 1.6 34
Tilt=Latitude| Min/Max | 1.2/2.8 1.4/42 24/54 | 3.0/72 25/65 29/63 | 3561 3.0/6.1 2050 1.042 05/22 0922 | 2.9/4.0
9Nt Average 2 32 3.7 4.6 49 4.9 5:3 4.7 35 24 1.5 1.7 36
Min/Max | 1.3/3.0 1.5/43 24/55|3.1/73 26/69 32/69 | 3865 3.1/63 20/50| 1.1/43 0523 09/24 | 3.0/4.1
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -17.2 -13.5 -5.5 39 1.2 16.3 19.3 17.6 11.9 5.8 -39 138 27
Daily Minimum Temp -23.3 -20.0 -11.4 2.3 42 9.7 12.6 10.9 5.8 0.5 -8.3 -19.0 -34
Daily Maximum Temp -11.2 7.1 0.4 10.1 18.1 23.0 26.0 24.2 17.9 11.0 0.4 -8.6 8.7
Record Minimum Temp | -43.3 -42.2 -389 | -25.6 -11.7 -3.0 14 -1.1 -6.7 -16.7 -35.6 406 | -433
Record Maximum Temp | 8.9 12.8 24.4 339 35.0 36.7 36.7 35.0 35.0 31 22.8 13.9 36.7
HDD, Base 18.3°C 1102 891 738 433 232 87 31 64 193 389 668 996 5820
CDD, Base 18.3°C 0 0 0 0 10 27 59 42 0 0 0 0 138
Relative Humidity (%) 71 67 66 61 61 68 2 | 75 77 74 79 77 gl
Wind Speed (m/s) 39 38 42 4.3 4.1 37 3.3 34 3.9 4.0 4.1 39 3.9
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Monthly Radiation (kKWh/m3/day)

Variability of Latitude Fixed-Tilt Radiation

1961-1990 Average

WBAN NO. 14922

LATITUDE: 44
LONGITUDE: 23.

.88° N
22°W

ELEVATION: 255 meters
MEAN PRESSURE: 986 millibars

STATION TYPE: Secondary
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average L8 27 38 4.7 = 6.3 6.3 54 4.1 2.8 1.7 1.4 39
Min/Max | 1.5/2.0 2.4/3.1 3.1/43 | 4.1/5.5 49/65 55/74 | 5.6/69 48/64 33/48 | 24/3.2 L3020 LT | 3042
Latitiidie~15 Average 3.1 4.1 4.8 53 5.8 6.1 6.4 5.8 49 3.9 2.6 2.3 4.6
| Min/Max | 2.5/3.8 32/49 3.7/5.7 | 44/63 49/6.7 53/73 | 56/7.0 5.1/7.0 3.6/6.0 | 33/47 1.7/3.3 1.8/3.1 | 4.3/5.1
Eatitade Average 35 45 5.0 Aol 5.9 5.6 3.9 5.6 5.0 4.1 2.9 BT 4.6
Min/Max | 2.8/44 34/55 3.8/60 | 44/62 45/63 49/66 | 51/65 4868 35/6.1 | 34/51 1837 2.0/3.6|43/51
Latitude +15 Average 3.8 4.7 4.9 4.8 4.8 4.9 N | | 4.7 42 3.0 29 4.4
: Min/Max | 3.0/4.8 3558 3.7/6.1 | 40/5.8 4.0/55 4.3/57| 45/56 44/62 33/58 | 34/51 1839 2.1/39 | 4.0/4.9
90 Average 3.7 4.4 4.1 33 3.0 2.8 3.0 33 i e 3.5 2.8 2.8 3.3
Min/Max | 2.8/48 32/54 29/53 | 2.8/40 2533 2532 | 27533 2940 24/44 | 2843 1636 2039|3037
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average ey 4.0 32 6.3 13 8.2 8.5 74 5 4.0 24 2.0 = ]
Min/Max | 2.2/35 3.0/49 3.9/64 | 5.0/7.8 62/89 6.9/104| 7.3/9.6 6.3/9.1 4.0/7.0| 32/4.9 1.5/3.1 15/2.6 | 49/6.1
Lafitndeis Aycragc 37 5.0 6.0 6.8 7.8 8.3 8.7 7.8 6.3 4.8 3.1 a3 59
¢ Min/Max | 3.0/4.7 3.7/62 4475 | 53/85 63/9.2 69/10.5| 7.4/99 6.6/98 43/79 | 3.8/6.0 1840 2.0/3.7|54/68
{.afitude Average 4.0 54 6.2 6.7 i 8.0 8.4 9 6.4 5.0 3.3 3.0 6.0
Min/Max | 3.2/5.2 3.8/6.7 4.4/7.7 | 53/85 6.1/8.9 6.6/10.1| 7.1/95 6.4/96 43/8.0| 4.0/63 1.9/43 22/4.1 | 54/6.8
Latitude +15 Average 43 53 6.1 6.5 ok 74 7.9 .3 6.2 0 34 32 5.8
i Y | Min/Max | 3.3/55 3.9/69 4.3/7.7 | 5.1/81 57/84 62/95| 6.7/89 6.1/9.1 4.1/78 | 40/64 19/45 23/43 | 52/6.7
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty 9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
2 Axis Average 4.3 3.5 6.2 6.8 T:9 8.5 8.9 7.9 6.4 5¢l 34 3.2 6.2
Min/Max | 34/5.6  3.9/69 44/7.7 | 5.3/8.6 64/93 7.1/10.8| 75/10.0 6.6/9.8 4.3/8.0 | 4.0/64 2045 23/44 | 5.6/7.1
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 24 28 2.8 3.1 3.6 4.0 4.3 3.7 2l 2t 1.9 1.8 3.0
Horiz Axis Min/Max | 14/35 14/40 1.7/40| 1745 24/47 27/58| 33/53 2853 1542 1938 0727 L1126 (2537
1-Axis, N-S | Average 1.6 2.4 3.1 a9 48 52 5.6 49 37 2.5 L3 1.1 3.3
Horiz Axis | Min/Max | 0.9/23 12/3.3 1.8/4.4 | 2.1/5.6 32/6.2 3.6/7.7 | 44/69 3.7/6.8 1850 | 1736 0520 0.7/1.6 ]| 2.84.2
1-Axis, N-S | Average 2.6 3.4 3.8 43 47 5.0 5.5 5.1 43 34 2.1 1.9 3.8
Tilt=Latitude| Min/Max | 1.5/3.8 1.7/47 22/54 | 23/6.1 3.2/6.1 35/74 | 42/67 3871 21/58| 23/48 0830 12/28 | 3.1/4.8
% Asie Average 28 35 3.8 4.3 5.0 54 5.9 32 4.3 35 a2 2.0 4.0
Min/Max | 1.6/4.1 1.7/49 22/54 | 2.3/6.2 3.3/65 3880/ 4572 4073 21/58 | 2448 0.8/3.2 1.3/3.0 | 3.3/50
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -11.2 -7.8 -0.6 8.0 14.7 20.1 23.1 214 15.8 9.3 0.7 -7.8 7.2
Daily Minimum Temp -16.2 -12.7 -5.2 23 8.7 14.2 17.3 15.7 10.2 3.8 -3.8 -12.1 1.8
Daily Maximum Temp 6.3 -3.0 4.0 13.6 20.8 26.0 28.9 271 21.5 14.9 5.0 -3.6 12.4
Record Minimum Temp | -36.7 -333 -356 | -16.7 -7.8 L 6.1 39 -3.3 -9.4 -272 339 | -367
Record Maximum Temp 144 15.6 28.3 35.0 35.6 38.9 40.6 38.9 36.7 31.7 23.9 17.2 40.6
HDD, Base 18.3°C 916 733 586 310 136 23 6 12 93 279 530 811 4434
CDD, Base 18.3°C 0 0 0 0 24 76 154 107 18 0 0 0 379
Relative Humidity (%) 70 70 67 60 60 o4 65 68 71 68 73 74 67
Wind Speed (m/s) 4.7 4.6 51 54 4.8 4.6 4.2 4.1 43 4.6 4.7 4.6 4.6
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Rochester, MN

WBAN NO. 14925

LATITUDE: 43.92° N

Monthly Radiation (kWh/m?/day}

Variability of Latitude Fixed-Tilt Radiation

LONGITUDE: 92.50° W +
ELEVATION: 402 meters
MEAN PRESSURE: 968 millibars
STATION TYPE: Secondary
1 i
— 1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day). Uncertainty 9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.8 24T 3.7 4.6 5.6 6.2 6.2 53 4.0 2.8 L7 14 3.8
Min/Max | 1.5/2.1 23/3.0 3043|3955 4865 5473 | 5370 4560 3.3/47 | 2333 1420 12/1.7 | 3.7/4.1
Latitide <15 Average 2.9 3.9 4.6 8:1 3.7 6.0 6.2 5.7 4.8 3.8 26 23 45
“ | Min/fMax | 2.2/3.6 29/4.5 35/5.6 | 4.1/63 49/6.6 53/7.1| 52/7.1 47/65 3.6/58 | 3.047 17/32 1.8/29 | 4.1/49
TaGtdE Average 23 42 4.7 4.9 33 5.5 50 35 4.8 4.1 2.8 2.6 4.5
Min/Max | 2.4/42 3.1/5.0 3.5/5.9 | 4.0/6.2 4.6/62 4.8/6.6 | 48/6.6 4463 3559 | 3.151 1836 2.0/34 | 4.1/49
Latitude +15 | Average 3.6 4.4 4.7 4.6 4.7 4.8 5.0 4.9 4.6 4.1 29 2.8 4.3
Min/Max | 2.5/4.5 3.2/52 34/6.0 | 3.8/58 4.1/54 42/56 | 42/57 4.0/57 3.3/57 | 3.0/5.1 1.8/3.8 2.2/3.7 | 3.9/4.6
90 Average S5 4.1 3.9 3.2 2.8 2.7 25 3.2 34 34 2.7 2.7 32
Min/Max | 24/44 29/49 27/53 | 27739 2.6/3.2 25/3.1 | 2532 26/36 24/42 | 25/43 1835 21187 | 29135
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (*) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.3 39 5.0 6.1 ¥ 8.0 8.2 "l 55 4.0 24 2.0 52
Min/Max | 1.9/3.3 2845 3.6/63 | 4777 5889 06899 | 67/9.6 57/83 39/69 | 2949 15/3.0 1.6/2.5 | 48/58
Latitude -1 Average 3.3 4.8 3.7 6.3 T 8.0 8.3 ' 5 6.1 4.7 3.0 2.7 - I
‘ Min/Max | 2.5/44 3.3/57 4.0/73 | 5084 59/9.1 68/100| 67/9.7 5988 42/7.7| 34/60 18/39 2.1/35|52/64
Laitiin Average 3.8 =3 ) 5.8 0.4 T2 Tt 8.0 7.4 6.2 49 32 2.9 o 1
Min/Max | 2.7/49 3.5/6.1 4.1/7.6 | 49/83 57/89 6.5/9.6 | 6594 57/87 42/7.8 | 35/63 1.9/43 2.3/39 | 5.2/6.4
{ atituda-i15 Average 4.0 52 5.8 6.1 6.8 72 75 7.0 6.0 5.0 33 31 5.6
Min/Max | 2.8/52 3.5/62 4.0/7.6 | 47/80 53/84 6.1/90 | 6.1/8.8 54/83 4.0/7.6 | 3563 1.9/44 24/4.1 | 5.0/6.3
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m2/day). Uncertainty £9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Gk Average 4.1 51 5.8 6.5 76 8.2 8.5 7.6 6.2 5.0 3.3 3.1 5.9
= i Min/Max | 2.8/52 3.6/6.2 4.1/7.6 | 5.0/84 6.0/93 7.0/103| 6.9/99 59/8.9 42/78 | 3.6/6.3 19/44 24/42 | 53/6.6
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 22 2.6 2.6 2.8 34 | 3.9 3.3 29 2.6 1.8 L7 2.8
Horiz Axis | Min/Max | 1.2/3.1  1.2/3.5 14/3.6 | 1.6/44 22/47 26/54 | 2.6/50 22/45 14/42| 1738 0627 L1124 |23/34
1-Axis, N-S | Average 5 22 2.8 3.6 4.4 4.9 . 4.6 33 25 1.3 1.0 34
Horiz Axis Min/Max | 0.8/2.1 0.9/3.0 15/3.9 | 2.0/55 2.8/63 3.6/7.1 | 3.6/6.6 3.0/59 17/50| 1536 0420 07/15|2.6/38
1-Axis, N-S | Average 24 3.1 34 39 4.4 4.7 5.0 47 4.0 33 2.0 1.8 3.6
Tilt=Latitude| Min/Max | 1.2/3.3  14/43 1.8/48 | 22/60 28/62 34/68 | 35/64 3.1/6.1 20/57| 2.1/47 06/30 1.1/25 | 2.9/4.3
M et Average 2.6 332 34 38 4.7 5.1 54 4.9 4.0 34 2.1 L9 37
= i Min/Max | 1.3/3.5 14/44 1.8/48 | 2.2/6.1 30/65 37/74| 3.7/68 32/63 20/58 | 2.1/48 0.7/3.1 1228 | 3.1/45
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -11.4 -8.3 -1.2 T2 13.8 19.2 21.6 20.1 i 7| 8.8 0.3 -8.2 6.4
Daily Minimum Temp -16.3 -13.3 -5.9 1.4 7.5 12.9 15.6 14.2 9.2 3.1 -4.2 -12.6 0.9
Daily Maximum Temp -6.6 -33 34 12.9 20.1 25.4 25,7 26.0 21.0 14.6 49 3.9 11.8
Record Minimum Temp | -35.6 -33.9 -35.0 | -15.0 -6.1 1.7 5.6 2.8 5.0 -11.7 289 -36.1 -36.1
Record Maximum Temp | 12.8 i 435 26.1 32.8 333 38.3 389 372 35.0 31.1 22.8 16.7 38.9
HDD, Base 18.3°C 922 745 606 335 157 31 9 18 103 294 540 823 4583
CDD, Base 18.3°C 0 0 0 0 16 56 111 74 6 0 0 0 262
Relative Humidity (%) e 76 75 68 67 69 72 75 /e ¢ i 80 74
Wind Speed (m/s) 6.6 6.3 6.6 6.6 6.0 5 49 4.9 54 3.9 6.2 6.3 59
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Monthly Radiation (kWh/m?/day}

1961-1990 Average

Variability of Latitude Fixed-Tilt Radiation

Saint Cloud, MN

WBAN NO. 14926

LATITUDE: 45.55° N

LONGITUDE: 94.07° W
ELEVATION: 313 meters
MEAN PRESSURE: 978 millibars

STATION TYPE: Secondary

o 4+———+—4——+ —
d F M A M J4 4 A § @ N & ¥
Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average | L7 s 3.8 4.7 5.6 6.2 6.3 5.4 40 gy L 13 38
Min/Max | 1.4/1.9 22/3.0 3.1/44 | 40/56 4.7/64 56/72| 5.6/7.1 48/65 3.2/45 | 2.2/32 1.3/1.9 L.1/1.6 | 3.6/4.2
Latitude -15 | Average 3.0 4.1 4.8 53 5.8 6.1 6.3 5.8 4.8 3.8 26 23 4.6
Min/Max | 2.3/3.6 3.048 3.7/59 | 43/6.4 48/6.6 55/7.1 5.6/7.1 S5.147.1 34/56 | 2.9/4.9 1.7/3.1 1.8/3.0 | 4.1/5.0
Tattrde Average 34 4.5 5.0 ok 54 5.6 5.8 5.6 4.9 4.1 29 2.6 4.0
Min/Max | 2.6/42 3.2/54 3862 | 4.1/63 45/62 50/65 | 5.2/66 49/6.9 3457 | 3.0/53 1.8/3.5 2.0/35 | 4.1/5.1
Latitnde 13 Average 3.7 4.7 5.0 47 4.8 4.8 3.1 5.0 4.6 4.1 3.0 2.8 44
Min/Max | 2.7/45 3.3/57 3.7/63 | 3.8/59 4.0/54 43/56| 46/57 44/62 3.1/55| 3.0/53 1.8/3.7 2.1/3.8 | 3.9/4.8
90 Average 3.6 4.4 43 34 3.0 2.8 3.0 33 35 3.5 2.8 27 3.3
Min/Max | 2.6/44 3.1)54 3.0/56 | 2.7/4.1 26/33 2632 | 2834 29/40 2.3/42 2546 1.6/34 20/38 | 2937
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty 9%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
0 Average 2.6 4.0 3% 6.4 T8 8.2 8.3 7.4 5.6 54 24 1.9 5.3
Min/Max | 2.0/3.1 2.8/48 39/6.5 | 4881 56/88 7.1/10.1| 7.5/100 6.2/9.7 3.8/6.7 2.8/5.1 15/2.9 15125 | 4759
1 stitide =18 Average 36 5.0 6.2 6.8 T 8.2 8.7 78 6.3 4.8 3.1 v 59
2 | Min/Max | 2.7/44 34/62 4477 |5.1/88 58/9.1 7.1/102| 7.6/102 65/10.3 4.1/7.6 | 33/63 1838 2.0/3.6 | 52/6.7
Y-atitude Average 39 5.4 6.3 6.8 74 i 8.4 i 6.3 5.0 33 29 5.9
Min/Max | 3.049 3.6/6.7 45/79 |5.0/88 5689 6898 73098 63/10.1 4.0/7.7 | 3.5/6.6 1.9/4.1 2.2/4.0 | 52/6.7
Latitide +15 Average 4.1 33 6.3 6.5 7.0 7.4 7.9 73 6.1 5.0 34 3.1 5.8
% Min/Max | 3.1/52 3.7/69 44/79 | 48/84 52/84 63/92 | 69/93 6.0/9.7 3.9/75| 34/6.6 1.9/43 22/43 | 5.0/6.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
2-Axis Average 4.2 3.5 6.3 6.9 7.8 8.5 8.9 79 6.3 5.0 34 3.1 6.1
3 Min/Max | 3.1/52 37/69 4579 |5.1/89 59/92 7.3/104| 7.8/104 65/104 4.1/7.7 | 35/66 1.9/4.3 2.3/4.3 | 54/7.0
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty 8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 24 2.9 2.9 31 35 39 4.2 Sy 3.0 27 1.9 1.8 3.0
Horiz Axis Min/Max | 1.4/3.6 1.4/4.1 1.9/4.2 | 1.3/147 22/46 2954 | 34/53 2.7/57 L14/4.1 1.6/4.1 0.7/27 1.0/2.8 | 24/3.7
1-Axis, N-S§ | Average 1.5 24 31 as 4.7 52 5.6 4.9 56 29 L3 1.0 33
Horiz Axis Min/Max | 0.9/2.3 1.1/3.4 1.9/45 | 1.6/6.0 2.8/6.1 3.8/7.3 | 4.4/7.1 3.5/7.6 1.7/49 1.5/3.8 04/1.9 0.6/1.7 | 2.7/4.1
1-Axis, N-S | Average 25 34 3.9 43 4.7 4.9 55 5:1 42 34 2.1 1.8 38
Tilt=Latitude | Min/Max | 1.5/3.9 1.6/49 24/56 | 1.8/6.6 2.9/6.1 3.7/69 | 43769 3679 19/56| 20/5.1 0730 1.1/3.0]| 3.1/4.7
4 Kok Average 2.7 35 3.9 4.3 4.9 5.4 59 53 42 34 =2 2.0 4.0
i Min/Max | 1.6/4.2 17150 24/56 | 1.8/67 3.0/65 4.0/75| 46/74 3882 1957 2052 08/32 1.2/3.2 | 3.2/4.9
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -13.3 9.8 2.4 6.4 13.3 18.2 21.2 19.5 14.1 i -1.3 -9.9 53
Daily Minimum Temp -19.1 -15.7 -8.0 0.0 6.3 11.2 142 12.7 74 13 -6.5 -15.0 -0.9
Daily Maximum Temp 7.5 -4.0 3.1 12.8 20.2 25.2 28.1 26.3 20.6 14.1 3.9 -4.9 115
Record Minimum Temp | -41.7 -37.2 -35.6 -194 “f2 0.6 4.4 0.6 ~1.8 -15.0 -28.9 -40.6 -41.7
Record Maximum Temp | 12.8 12.8 26.1 35.6 36.1 38.9 394 394 36.7 22 233 15.6 394
HDD, Base 18.3°C 980 789 644 358 171 48 13 30 133 329 588 877 4960
CDD, Base 18.3°C 0 0 0 0 14 45 101 66 5 0 0 0 231
Relative Humidity (%) 7 70 70 64 63 68 69 72 74 70 75 76 70
Wind Speed (m/s) 4,7 3.7 5.0 47 4.4 2y 3.2 33 34 3.9 4.2 4.4 4.1
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